Objective Little attention has been paid to possible cardiovascular involvement in patients with chronic fatigue syndrome (CFS) 
Introduction
The chronic fatigue syndrome affects many young people in today's modern, stressful society; it is characterized by persistent or relapsing, severe disabling fatigue, not resolved by rest, causing a marked reduction of working activity (1) (2) (3) (4) (5) . Although the fatigue is often accompanied by multiple unexplained symptoms including headache, sore throat, selfreported impairment in concentration and short-term mem-weakness, rapid heart, chest pain, shortness of breath, nervousness, trembling, sweating and fainting. These symptoms are also common in patients with chronic fatigue syndrome. Recently, we reported that a small heart shadow on the chest roentgenogram is common in patients with chronic fatigue syndrome (8) . Echocardiographic evaluation demonstrated that cardiac function was actually impaired with low cardiac output due to a small heart in many of the patients with chronic fatigue syndrome. In addition, the cardiac function fluctuated during the exacerbation and remission phases directly related to the severity of their symptoms (9) .
In the present study, possible cardiovascular symptoms were intensively investigated and cardiac function was evaluated echocardiographically to clarify how prevalent cardiovascular impairment or dysfunction is in young adults with chronic fatigue syndrome. 
Methods

Study population
Electrocardiographic examination
All of the study patients underwent a 3-min electrocardiographic recording following at least a 10-min rest in the morning. RR50 (%) was calculated as the number of differences >50ms between two successive R-R intervals divided by total heartbeats.
Echocardiographic examination
All individuals underwent standard M-mode and twodimensional echocardiography. The left ventricular (LV) dimensions were measured according to the recommendations of the American Society of Echocardiography (12). LV volume was calculated by the Teichholz' formula (13), and an ejection fraction was determined by the conventional method. Mitral valve prolapse was diagnosed according to the criteria of Gilbert et al (14) with Yoshikawa's modification (15). Echocardiographic parameters were compared between the patients and 36 age-and sex-matched healthy control subjects (15 males and 21 females with a mean age of 33±8 years).
All studied patients gave informed consent, and the study protocol was approved by the ethics committee of our institution. 
Statistical analysis
Results
The results are summarized in Tables 1, 2 and also in Fig. 1 . As shown in Table 1 , minor criteria symptoms by the revised case definition (10) were often found. In addition, T a b l e 2 . P h y s i c a l , Ch e s t Ro e n t g e n o g r a p h i c , E l e c t r o c a r d i o g r a p h i c a n Recently, we have reported that "small heart" is commonly noted in chronic fatigue syndrome patients, suggesting that small heart syndrome in association with a small LV cavity and poor LV function may be related to the genesis in these patients as a predisposing factor to fatigue (8 (9) .
T a b l e 1 . Cl i n i c a l P r o f i l e s a n d Ca r d i o v a s c u l a r Co mp l a i n t s a n d S y mp t o ms i n 5 3 S t u d y Ch r o n i c F a t i g u e S y n d r o me P a t i e n t s
d E c h o c a r d i o g r a p h i c F i n d i n g s o f 5 3 S t u d y Ch r o n i c F a t i g u e S y n d r o me P a t i e n t s
In 1944, Master (7) reported several young adult cases with both "small heart shadow" and "neurocirculatory asthenia" and hypothesized that the symptoms might be caused by diminished venous return, diminished cardiac output, anoxemic heart muscle and decreased oxygen saturation of the blood as a result of constitutionally small heart. Similarly, DaCosta (17) (17, 18) . The present study showed evidence of a small heart chamber and impaired cardiac function in patients with both chronic fatigue syndrome and small heart. Diarrhea, sweating and loss of appetite may lead to dehydration and reduce venous return or preload, re- T h e c h e s t r o e n t g e n o g r a m o f a 3 4 -y e a r -o l d f e ma l e  c h r o n i c f a t i g u e s y n d r o me p a t i e n t wi t h a "s ma l l h e a r t " [ c a rd i o t h o r a c i c r a t i o ( CT R) : 3 3 %] . S h e h a d s u f f e r e d f r o m r e l a p si n g s e v e r e g e n e r a l ma l a i s e a n d e a s y f a t i g a b i l i t y f o r s e v e r a l  y 
e a r s . S h e a l s o f r e q u e n t l y d e v e l o p e d o r t h o s t a t i c d i z z i n e s s .
S h e f r e q u e n t l y b e c a me u n a b l e t o wo r k a s a h o u s e wi f e d u e t o s e v e r e ma l a i s e a n d h e a d a c h e . T h e s y mp t o ms we r e e x a c e rb a t e d e v e r y s u mme r . T h e u p p e r a r r o w l i n e i n d i c a t e s t h e c a rd i a c t r a n s v e r s e d i a me t e r , a n d t h e l o we r l i n e , t h e t h o r a c i c t r a n s v e r s e d i a me t e r . (6, 9, 17 
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